THE ASSESOMENT OF TRACE ELEMENT CONTAMINATION OF THE
DRATNAGES FROM COAL CLEANING WASTES

FASTER

by

P. Wagner, J. M, Williams, E. M. Yeverka
J. P. Bertino, L. W. Wangen, P, L. Wenck

Los Alanos Scientific Laboratory
Los Alaros, Hew Mexico 87545 o !
: Al " . !
T
| I~
i ABSTRACT
The mireral wastes produced by coal cleaning contain an aburdancs of tosic
or polentially harwful trace elements. Although it has been well established
that many of these toxic elenents are present in the drainages from coal waste
dumps, lTitlle is known about the quantilies released into the environeent fron
this source. T1he objectives of an ongoing research prougram at the Los Alamos
Scientilic Laboratory are to assess the nature and magniiude of the trace clemonts
in the effluents from coal refuse malerials, and Lo develop appropriate environ-
mental control technologies as nceded.  In—this-paper—wepresenl recent experi-
mental results from-this-provram concerning the chemistry and aqucous leaching
({u;/ﬂALMHJ:¢
behavior of the trace elements in high sulfur cval cleaning wastes. The emphasis
1
~af—the-presentation is on the intecpretation of th >xperimental data that has
Ted to tiw didentification of the trace clements in ceal refuse effluents that are
consistentiy present in unacceptable quantilies, and the devolopiient of environ-

mental control strategies designed to abate or mitigate the problems of environ-

metal concern that have resulted from these refuse drainages. ,
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INTRODUCT ION

The mineral wastes from coal prebaration and mine development constitute a
major environmental problem. More than 3 billion metric tons of these materials
have accumulated in the U. S., these are in coal waste dumps estimated to be
between 3000 and 5000 in number of which half pose some typzs of health, environ-
mental, or safety problem. Structural weaknesses in coal refuse banks have led
to tragic landslides such as those at Buffalo Creek, West Virginia, and Aberfan,
Wales, and the approximately 300 burning waste banks are a major source of air
pollution. In addition to these problems, there 1s growing concern about
environmental effects from the trace elements precent in the highly mineralized
acid drainage from coal refuse dumps that affect many thousands of miles of
streams and waterways.

Although it has been established that the drainage from coal refuse dumps
is often highly contaminated with trace or inorganic elements, little is known
about the quanr-ities of undesirable elements released into the environment from
this source. Also development of the necessary control technologies for human
and environmental protection requires quantitative evaluation of the extent and
severity of the problem. As one of the steps in the solution to these problems
LASL has been directed by the Department of Energy (DOE) and the Environmental
Protection Agency (LPA) to assess the nature and magnitude of trace elements in
the effluents fron coal preparation wastes, and to identify the necessary con-
trol technologies.

The major activities in the LASL research program are,

(1) assessment of the nature and magnitude of trace elements in the
effluents from coals and coal preparation waste,
(2) experimental identification of the chemistry of the trace con-

stituents of environmontal concern, and



(3) identification and experimental verification of effective environ-
mental control strategies to control the release of hazardous
trace elements.

This paper describes the results of the research thus far carried out on cecal
wastes from the hign sulfur coals of the I1lincis Basin and some results of our
studies on coal wastes from the Appalachian Region.

EXPERIMENTAL

1. Solid Haste Characterization

To understand why coals and coal preparation wastes release trace elements
(i.e. all elements except C, H, S, N, 0) in the amounts that they do, levels
and mineral relationships of these eloaments have been studied in samples of
coal preparation vastes from the I11inois Basin] and from the Appalachian Region?

The I11inois Basin refuse samples were composed of clay minerals (laruely
illite and kaolinite), quartz, pyrite and marcasite. The average mineral con-
tent from threc coal cleaning plants sampled is given in Table I. The
Appalachian refuse that we used for our experiments differs in that it contains
considerably less pyrite and marcasite, and a higher fraction of residual coal
and unidentified matter, These data are also listed in Table 1.

These studies of refuse structure and mineralogy reveaied the great potential
of these materials to release harmful quantitics of trace elements. A large
number of clements that are generally considered to be environmentally sensitive
are present in these refuse materials in significant quantities (> 30 yg/qg).
Included among these are fluorine, aluminum, manganese, iron, ccbalt, nickel,
copper, zinc, arsenic, and lecad. Although the relative amounts of some of thesc
components are seemingly small, the ebsolute quantities that are available in a
large or active waste dump might have grave consequences in the surrounding

environment if they were to be relcased and concentrated by natural processes,



TABLE I

MAJOR MINERALS IN COAL PREPARATION NASTES+
I1linois Basin Appulachian

Mineral (Avg. for 3) Region
Kaolinite, (A]28i205(0H4) 12 11
INite, (K A]2(513A1)0]0(OH)2) 14 19
Other clays 11 5
Pyrite, Marcasite, FeS2 26 o]
Quartz, S1'02 21 20
Calcite, CaCOs 3 1
Gypsum, CaSOh2H20 2 3
Other (coal, unidentified species) 11 40
Tty
A lict of trace elements and minerais with which theose arc associated, as veveal-

ed by our researchers with field samples from three Il1linois Basin coal prep-
aration plants is shown in Table II

2. Characterization of coal waste leachates

Static and dynamic leaching experiments have been performed to evaluate the
trace element behavior of these coal wastes under simulated weathering conditions.
These experiments were done to provide information needed to predict quantita-
tively the trace element levels in the drainage from coal refuse dumps or dis-
posal areas and to identify those elements of environmental concern.3

One of the more important characteristics of the refuse materials is
their ability to produce acidic leachates during aqueous leaching as a result of

the oxidative degradation of the pyrite and marcasite minerals. This is true

for leachates from the high sulfur I11inois Basin reofuse (leachate pH, 2-4) and

for leachates from the low sulfur Appalachian region refuse (leachate pH ~ 3),
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TABLE 11

SUMMARY OF TRACE ELCMENT - MINERAL ASSOCIATIONS IN REFUSE
FROM THREE ILLINOIS BASIN COAL PREPARATION PLANTS

Elearat Mineral Associatlon Heaent Minersl Association
| cosl Co clayse
| K clays ng clays
Be quartz Cu clays/pyrite/marcasite
B clays Zn clsys
c coal/carbonates Ca clays
] coal As pyrite/carcasite
¥ phosphates/zartonntes . Se pyrite/carcasite
Ka clays Br coal
.74 carbonates/clays 1 1Y clays
Al claya 4 phosphates/cliys
s1 quartz/clays Ir oxides/clays
4 phoaphates Yo pyrite/carcasite
s prrite/marcasite/gypsim cd clays
cl coal/clays Ce claye
K clays Bs clays/phosphates
Ca csmibonates/clays/gypsum/phoephates  Rare warths phosphates/clays
Se clays :$4 clays
Tt clays/oxides Ts clays
v clays/quartr Hg pyrite/carcasite
cr clays Tl pyrite/carcasite
Ma clays/cartonates/pyrite/u rcasite Th phosphates/clays
Te Friftefiarcastitalalayales Lnotes 4 phos;hatea/elaye

These acid Teachates are very efficient in dissolving or degrading many of the
minerals in the refuse, thus relecasing the trace elements associated with them.
Figure 1 shows the relation between pH and total dissclved solids as determined
for some of the experimental leachotes produced using coal wastes. It is clear
from the figure that the highly acid solutions that result from pyrite oxidation
can produce highly contaminated lcachates.

Experiments have been performed to simulate the intermittent rainfall and
weathering to which refuse dumps are subjected. These researches have revealed
that this alternate oxidation and leaching of the pyrite in the refuse is a
most effective way to gonerate acid leachates and indeed these intermittently
leached coal waste piles pose a far greater pollution threat, in terms of both

quantity and time, than those wastes that are always in contact with water or

(4]
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Fig. 1. The relationship between pH and total dissolved =51ids for leuchates
from static leaching experiments with Illinois Easin coal refuse.

or otherwise isolated from air, The experimental data on trace element leach-
ability that we generated as a result of these simulated weathering and leaching
studies have also been compared with similar data for actual refuse dump drainage
from diverse points in the I1linois Basin. The high level of agreement between
the two sets of results indicates convincingly that the laburatory leaching tests
realistically simulate refuse dump conditions!

Our investigations have shown that aqueous leachates from the high sulfur
coal refuse of the I1linois Basin contained ninc elements {F, Al, Mn, Fe, Co, Ni,
Cu, Zn, and Cd) in environmentally hazardous concentrations.4 The criteria
used for identifying trace elements of environmental concerm have been published

by the U. S. Environmental Protection /\gency5 in a report that defines
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multimedia envirormental goals (MzGs) and the minimum acute toxicity effluents

(MATESs).

this work in Fig. 2,9

These data are displayed along with other trace elements identified in

Leachates derived from the low-sulfur Appalachian coal

Figure 2. Trace Elements of Environmental
Concern in Coal Waste Drainages.
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refuse were also analyzed in terms of EPA's MEG/MATL system for classifying
potentially hazardous contaminants.2 These researches have identified Ni, Fe,
Mn, Cu, Al, and 7n as the leachate poliutants of greatest environmental concern
in the Appalachian region coal wastes that we have studied.

3. Environmental Control Technology Studies

It is necessary, but not sufficient to only assess the nature and magnitude
of trace element contamination in coal waste drainages. A necessary adjunct to
an experimental program of this nature is a concurrent laboratory evaluation
and identification of environmental controls for abatement oir diminution of the
pollution in these drainages. These lcboratory investigations have been carried
cut and the results classified into three environmental control strategies.
These strateqgies may described as follows:

o Treatment of ihe refuse (before disposal) to remove or immohilize

mobile tracc elements of environmental concern,

o Treatment of the refuse (at the time of disposal) with neutralizing
agents, absorbants or sealants to control the release of undesirable
trace elements from the refuse pile.

o Treatment of the contaminated drainage (after disposal) to reduce trace
element concenlrations to environmentally acceptable levels.

Clearly therc are many possibilities to consider in each category. For
this presentation we will describe the basic control technologqy, that we have
identified in our researches, that holds the greatest promise in each of these
areas.

Pre~disposal calcining to immobilize refuse constituents

The possibility that the relcase of toxic trace clements intu the environ-

ment can be controlled by pre-treatment of coal preparation waste: has been



investigated experimentally, One approach examined is that of heat-treating the
wastes to form what appears to be a glass-like structure that apparently
immobilizes the trace elements in the refuse matrix and prevents their escape.

Several sets of calcining and leaching experiments were conducted to
determine optimum heat treatment conditions necessary to chemically immobilize
the potentially toxic trace elements in the refuse matrix. These experiments
were performed using high sulfur coal preparation waste from a plant in the
I11inois Basin. The waste was ground to -20 (0.84 mm opening) mesh and calcined
in air at 873K, 1073K, 1273K, and 1473K for 2 h. The calcined residues were
then statically leached (stirred with distilled HZO) for a period of 48 h utsing
a ratio of 4 2 H20 to 1 kg of caicined refuse, and pH's and total dissolved
solids determined.

The effect of the refuse calcining treatments on the minercl composition

yv

o7 the refuse is iiiusirated by Tabies ITI and IV. Tabie 11l delineates the
changes in refuse mineralogy that have occurred as a function of heat treatunent.
Table 1V presents the mineral conversion reactions that occur at high terperature,

It is seen from Table [II that the two most environmentally active specics,

TABLE IT1
EFFECTS OF CALCINING ON COAL REFUSE MINERALOGY

TEMPERATURE PYRITE CLAYS QUARTZ CALCITE HEMATITE CORUNDUM

Uncalcined Present Present  Present Present - -
873K - Present  Present - Prec nt -
1073K - Present  Present - Prosent -
1273K - - Present - Present -
1473K - - Present - Present Present



TABLE 1V
HIGH TEMPERATURE MINERAL TRANSFORMATIGNS

Clays Complex Alumindsilicates
Calcite Ca0 + C02 )

Pyrite

Ma?Zasite Fe,0, + SO, *

Quartz _ Quarts

pyrite (marcasite) and calcite, have been transfoirmed to high temperature phases
by 873K. By 1273K even the clay minerais have bcen converted to structurally
indefinable aluminosilicates. The x-ray diffraction analyses reported in Table
I11 cenfirms that the mineraloaical transformations Tisted in Tabie IV have

been offoctrd By heat treatment in the ranae of 1073 to 1272 K, Physically the

samles calcined at 1273K were fused or sintered at particle surfaces.

The succ2ss of the cflcining treatment at reducing trace element releases
during refuse lecaching is illustrated by the data in Table V, which lists trace
element data of environmental concern from a comparison leaching test of calcined
and uncalcined refuce samples. The refuse samples referred to in the table had
been subjected to static leaching for 48 h. Tt is seen that the concentrations
of the group of toxic elcments listed are reduced in the leachates from the
calcined refuse by as much as twe orders of magnitude over the concentration in
the raw refuse leachates. Leaching experiments were also conducted using acid
solutions (pH < 2) with essentially the same results.

Calcining of acid coal refusc materials prior to disposal could produce
several beneficial effects. Foremost among these is the conversion of an
active, highly polluting waste material into a chemically and geclogically
inert mass that can be easily and safely disposed almost anywhere with ordinary

10



TABLE V
TRACE ELEMENT LEACHABILITY OF A HIGH SULFUR COAL
REFUSE SAMPLE CALCINED AT 1273K

Element Uncalcined Refuse Calcired Rafuse _
m? 100 0.4
Fe 600 < 0.03
Mn 5.8 G.03
Co 2.8 < 0.01
Ni 4.8 0.01
Cu 0.10 0.01
In 2.8 0.05
Cd(ppb) 68 0.3
oH 2.9 g.0
TDS(%) 1.4 0.2

3L cachate concentration repcried as ppm unless otherwise mroted (50 @ crushed
refuse/200 wis H20/43 h)

landfill practices. In so doing calcining presents a highly effective and
probably permanent solution to a most difficult waste conirol probiem. A
corollary to this is that the calcined refuse materials might well be classitied
as nonhazardous under the criteria developed in conjunction with the Resnurce
Consecrvation and Recevery Act (RCRA). This circumvenis e need to teetl the
cumhersome and costly permit and performance requirements that RCRA dictates for
the disposal of hazardous wastes, a category into which m:ch, if net all, un-
treated hign sulfur refuse materials will probably fall. Also, there is hiyh

potential for the rccovery of by-products in connection with refuse calcining

11



that does nol exist ior many of the other control technology schewes.,  Potentially
recoverable products include sulfur, iron, and aqgregate materials.
Codisposal Gf wastes with alkaline materiale

One of the major conclusions from our carlier studics of the environmental
behavior of coal refuse materials concerned the importence of pH in controlling
trace eleuenl releasos during refuse leaching., In ail instances when leachate
pll was maintained at or near the ncutral point, only minimal amounts of trace
elements wore sslvated by the leachates. Conversely, when oxidative degradation
of the pyritic materials in the refuse caused leachate acidities to build up,
substantial quantitics of such cnvironmentally troublecome elements as Fe, Al,
Mn, Cu, Co, and Ni were solvated by the acid leachates, This marked dependence
of the degree of trace element contamination of refuse Teachates on leachate
pH suggested that a fruitful means of prevenling trace element releases from

iscarded refuse melericls would Lo Lo add neuiralizing egenis Lo Lhe refuse ol

the time of disposal to reduce leachale acidily, in situ, as it is formed,

Column leaching experiments that utilize mixtures of powdered 1ime and
high sulfur refuse were conducted to test the cffectiveness o7 this in situ
neutralization concept. These experiments proved to be very fryitful., For
these cxperiments, powdercd lime in varying amounts (3 to 50 g) was slurricd
in 150 mi of distilled water with -9.5 mm high-sulfur coal refuse ( 530 g, frow
IN11inois Basin Plant B). The resultant mixture was subscquently dried in air at
323K and recrushed to -9.5 mm particles. Four different Time concentrations
were employed, 0.5, 1.5, 3, and 10 (by weight).

Column leaching experiments were conducted with about 500 g of each of
the above samples to determine the effects of the lime additions. he refuse
mixtures were packed into pyrex columns 0.4 m long by 0,05 m diameter and

subsequently leached with distilled watcr at a flow rate of .008 m2/s until

12



more {han 4§ « water had been pasued threugh the refuse beds.

A consistent pattern o7 the cffects of the 1ime additions cuerqes from
these duta. The addition of G.% and 1.5 wt!. Time tc the acid refuse had only a
cmall influcrice on lcachate bl and trace elcirent concentration because the acid
neutralization provided by theee amounts of lime was overwhelied by the acid
generaling capability of the refuse, The additions of 3 and 10 wt" of lime, on
the other hand, did indeed effectively counteract the acid propecties of the
refuse; the pH of the Teacnates T these two systens is higher, TDS valucs are
relatively low, and the trace element concentrations are depressed.

The system containing S wl o Time is especially interesting because a
leachate pl of 7 woes maintained for nearly the entire duration of the continuous
part of the lcaching cxperiment (until 4.2 + had been passed through the column).
TDS values for this refuse-Time combination were also very respectoble (ranging
dowrward from aboutl G.6 wi ') especially caonsidering that the dissolution of the
Time itself adds 5Uhntnntia1]y to Lthe disswalved solids content of the solulion.
By the end of the Teaching experiment, concentrations of troublesome trace
elements, especially Fe and Mny had been reduced to environmentally acceptal:le
levels,

The codisposal of alkaline agents such as lime withacidic coal refuse
materials docs appear Lo be an attractive option for controlling trace clement
contemination of disposal arca drainayes. The technique is only moderately
costly (our 1978 estimate was $0.50 to 51,00 per metric ton of cleaned coal)
and appears to be a highly effective means of preventing the release of a con-
taminated drainage from coal rcfuse dumps. The technology for mixing alkaline
agents with coal refuse materials should be relatively simple and is inmediately

effective.

13



There are however a few uncertainticen associeted with the usce of atkaline
additives for coal refusce materials. One uncertainly involves the long term
effectiveness or permanency of Lhe method. The durability and immobility of the
alkaline additivies over long geologic periods must be demonstrated.  Another
question associated with codisposing alkaline additives and high sulfur coal
refuse malerials concerns the RCPA classification of the resulting refuse
additive wmiztures. It is not clear at this time whether suen a mizture would be
classificd as hazardousn or nonhozardous. As pointed out earlier, a hazardou:
RCRA designation could be quite costly for the dicposal site operator, Another
somevihal nedqative aspect of refuse codispoual with alkaline agents as compared
to refuse calcining, for cxzample, 15 its low polential for by-product recovery.
The Tack of such potential, of course, neqgates the possibility of offsetting

enviromental cosls with recovered product value.,

Past-disposal conlral of trace element contanipation of refoon A deaipaer
Water treatient is the best Enown and widely practiced of control technol-

ogics. Whilce we have evaiuated known and rccoqgnized control methods of water

treatmenl Tor the coal waste drainages, (ion exchange, reverse ostinsis, oxidatien,

chelation), we are nost interested in controls that are rcalistic in terms of

cost and casce of implementation; these are most necessary considerations in

view of the enormous generation rate (yreater than 100 million metric tons per

year) of the coal wastes. One arca that we have concentrated on is pll control

by means of alkaline ncutralization. The effect of pH on drainages from high

sulfur coal wastes in Lhe I11inois Basin has been investigated extensively

during the progress of our investigations, and in Table VI we show some values

of TDS vs pl derived from experiments conducicd on our laberatory generated

leachates. During these studies, coal wastes from three ditferent coal cleaning

plants were uscd and the table represents overall averages.

14



TABLE VI

ETFCCT OF pH O TOTAL DISSOLVED SOLIDS
FOR HIGH SULFUR COAL CLLANING WASTLS

phi DS (5)
1.7 5.1
2 1.2
3 0.4
5 0.3
7 0.3

AMkaline nuctralizetion is currently used cxtensively to treat acid drain-
age from coal mines. While it is well known that alkaline ncutralization ds
very offective in cortrolling the acid and overall salt cowpositions of mine
vweole walors, i degroe of contiod tiat tiiis method exeris over soiic of the
more highiy leachable tuxic trace elcrents remaing to be established. Llaboration
of this Tattler point is the basis for the study that we ceaducted in this area.

The experiments that we conducled were basically titralions in which
Timestone, Tieo, or lye (Halh) were added to one liter of contaminated refuse
drainage until a predeterained pH value was reached. The solutions (or slurries)
were allowed to sit overnight, were filtercd, the pll's were measured, and the
cowpositions of the resulting solutions were anlayzed,

As arc Lhe other control techniques discussed in this report, alkaline
ncutralization has bcen shown to be an effective method for reducing or abating
trace element contamination of coal refuse drainage. The projected costs for
such a Lreatment are relatively low ($0.10 to $0.80 per meiric ton of cleaned
coal) and t.o technigue is relatively casy to apply, as evidonced by the large
number of neutralization plants already in operation to treal acid mine drainage.

15



However, in spite of the Jow cost and ease of application, alkalinc
neutralization has some rather considerable disadvantages.  For exanple, its
use never really treats the sous ... of contamination (i.e., the refuse itsell)
and treatwent of drainage from the disposal site may be needed almost indefinit.ly,
Also, althouth the standard refuse dispocal practice at present involves burying
the refuse on top of iwpermcable Hiners, such as clay, to channel refuse dunip
drainage inlo treatment arcas, il is very difficult to ensure that polluted
droinage will not eventually cescape through or around these liners and thus
negate the ef feciiveness of this method. Another consideration that may nake
alkalinc neutralization 1ess attractive involves the cost associated with
meeling RCRA requircienls.  There iy a possibility that waste materials dis-
poscd of in a way which produced contaminated drainage will be classified as
hazardou<. Thus Lhe apparent low cost of alkaline neutralization may have to b
tempered with additional costs needed to meet RCRA nermit and perforpance ro-
quirements, tHinally there is 1itlle opportunity for by-product recovery during
or subsequenl to neutralizalion trentﬁent. Thus the potential for rcalizing
cconomic gain in this way is low.
SUMMARY

The results of Lhese resecarches make clear that coal preparation refuse
drainages from the high sultfur wastes of the I1linois Basin and wastes with
low sulfur contents from the Appalachian Region reicase acid and trace
elements into surface and ground walers in concentrations Lhat are cnviron-
mentally unacceptable. Laboratory analysis of coal wastes and coal waste
leachates have yielded information on acid formation, release mechanisms,
and trace element concentrations in sufficient detail to allow us to address
key cnvironmental control issues in a controlled and methodical manner. These

considerations have resulted in a control scenario in three parts; waste

16



treatment befrre disposel, wacte treatment during disposal, and effluent
treatient after disposal, An example of each rethod has been discussed along
with the advantagyes, disadvantages, and tradeoflfs that must be taken into
account in any realistic environmentai control ovaluation. These collected

conclusions are displayed in the Tollowing matrix summary (Table VII).

TARLE VII

OVLRVILK OF THRLL §NYIRONAENTAL CONTROL
OPTIONS FOik COAL PREPARATIGI WASTLS

Lime
Calcining Codisposal Alkaline Treatment
Cost High Low Low
Effectiveness Excellent Good Good
Complexity High Hoderate Moderate
By-Product Potential High Low Low
Treatuent durction Short Short Long
Periinency Good Uncertain Poor
RCRA potential Non-hazardous Uncertain Hazardous

Future work in this program will attenpt to expand owr knowledye of coal
wastrs and their drainages in fgeneral, and to periect more realistic environ-
mental simulalion experitents both in lerms of conditions end of scale-up.
These will lead to identification and cvaluation of ever more realistic

environmental control technologies.
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